SY NOP S IS The authors review the results of various surgical techniques in relation to mortality and morbidity in 100 consecutive cases of brain abscess and subdural empyema. The mortality rate is the same with total excision and fractional drainage of brain abscesses, although in acute and subacute cases slight differences between both techniques are seen. In terms of morbidity, fractional drainage appears to be more favourable than total excision. The authors believe that factors other than surgical procedure influence mortality in cases of brain abscess and subdural empyema. These factors are defined in detail.
Untreated cases of brain abscess are lethal, but, even if treated with advanced surgical techniques combined with antibiotic therapy, the mortality rate remains high. Since Macewen's series (published in 1893) with one death in 15 operative cases of brain abscess, less favourable series were frequently reported. In the pre-antibiotic era various surgical techniques were developed in an effort to reduce the mortality rate (Dandy, 1926 (Dandy, , 1963 Vincent et al., 1937; Kahn, 1939) which nevertheless remained at 70% in this period. Since the second world war, a significant reduction of the mortality to 40% has been achieved by the introduction of specific antibiotic therapy in addition to surgery (Ballantine and White, 1953) . Surgery, however, was as essential as before (Black et al., 1973) . Notwithstanding more advanced surgical techniques and better diagnostic and postoperative care procedures, the mortality rate has remained virtually unchanged during the last three decades, which is disappointing to many neurosurgeons. This is probably the reason why the most important techniques, such as total excision and fractional drainage, have been in recent years alternately advocated as the method of choice for the treatment of brain abscess (Van der Werf et al., 1960; Krayenbiihl, 1967; Garfield, 1969; Carey et al., 1972; Le Beau et al., 1973; Morgan et al., 1973) . A comparison of the results, however, does not show essential differences.
The question arises whether there are other factors which influence mortality to a greater extent than surgical technique, and which are unrelated to the specific surgical technique, in which case the method of choice should be the simplest and less traumatic one. The aim of this paper is to attempt to help answer this question. Since clinical course, diagnosis, and treatment of subdural empyema pose related problems, this entity has been included.
METHODS
CLINICAL MATERIAL In the present study, a series of 100 consecutive cases of proved brain abscess and subdural empyema is reviewed. All (Dandy, 1926 (Dandy, , 1963 . This tapping could be repeated, ifnecessary, at increasingly long intervals of time. Dandy advised against aspiration or irrigation, because 'both do add very definite traumatic insults' (Dandy, 1963) . Nevertheless, the technique of 'repeated aspiration' has been mentioned as a method of treatment in more recent literature (Ballantine and White, 1953; Krayenbuihl, 1967; Le Beau et al., 1973) . In our opinion, both tapping and aspiration have the following disadvantages and hazards:
1. Aspiration of a larger amount of pus, especially in acute cases with a thin abscess wall, can easily lead to collapse of the abscess cavity and multiloculation. It will then be difficult, at subsequent punctures, to drain all parts of the multiloculated abscess; hence Dandy's advice to postpone tapping until a firm capsule has been formed. This course of action, however, carries in itself a great risk and has largely been abandoned (Botterell and Drake, 1952 ANALYSIS OF CASES Table 1 shows the incidence of brain abscess and subdural empyema in the various age groups and in males and females respectively. From this table it appears that brain abscess occurs twice as frequently in males as in females, and is more frequent in younger patients. The number of deaths in each group is noted in parentheses.
FIGURE Fractional drainage of a temporal lobe abscess, respectively one day, two weeks, and five weeks after operation.
In the lower age groups the female mortality rate seems to be somewhat higher than the male rate, but this is probably not statistically significant. Comparing the mortality rate below and above 40 years of age, one sees an important difference:
30% versus 55%. The overall mortality is 38%. Table 1 also provides data about the preoperative course in the various age groups. What is meant by acute course is that the symptomatology which leads to surgery, or to death if the patient is not operated upon, develops within seven days. In subacute cases the onset of the patient's complaints is more protracted. It appears that the course is acute in 27% of the cases, with an equal distribution over the various age groups. The mortality rate in acute cases of brain abscess and subdural empyema is much higher than in subacute cases: 56% and 32% respectively.
The primary origin of brain abscess and subdural empyema is listed in Table 2 . In this series 52% of the cases of intracranial abscess were caused by otogenic or paranasal infections. The third most important cause is a cardiac disease, mostly of the congenital type with an open septum (11%). All other causes accounted for 5% or fewer cases.
With few exceptions, there seems to be no relationship between mortality and the aetiology of brain abscess. The metastatic brain abscess of pulmonary origin seems to have an unfavourable prognosis. Five patients with brain abscess, two following bronchopneumonia and three caused by bronchiectasis, died within a few days or weeks after admission. One patient, a 14 year old boy who was suffering from bronchiectasis, was comatose and moribund upon admission. He died before surgery could be undertaken. At necropsy a left temporal and a right occipital lobe abscess were found. Another patient, a 6 year old boy, had been admitted to another hospital because of lymphoblastic leukaemia complicated by bronchopneumonia and purulent meningitis. He was transferred to our hospital because of an incomplete transverse myelitis. He also had epileptic seizures. His cerebral disease was, however, not diagnosed until after death. At necropsy he appeared to have a right frontal lobe abscess with intraventricular rupture.
A 28 year old female, suffering from a bronchiectasis and pneumonia, was admitted because of meningitis and an acute grade 4 brain abscess which was treated by fractional drainage. She died some hours after surgery of bronchospasm and pulmonary oedema.
A 22 year old female, who was suffering from bronchiectasis, was admitted to our hospital because of signs of meningitis and of a space occupying lesion of the left hemisphere. A deeply placed left temporal lobe abscess was diagnosed and drained immediately. Some days after surgery she showed severe signs of increased intracranial pressure and died. At necropsy six differently located brain abscesses were found.
A 72 year old male developed meningitis some weeks after bronchopneumonia. He received antibiotics and several lumbar punctures were done. After 10 days, he showed signs of a space occupying lesion of the left hemisphere and became semicomatose. A deeply placed left temporal lobe abscess was diagnosed by angiography. The patient was transferred to our clinic and the abscess was treated with fractional drainage and in the usual fashion with antibiotics. In the following weeks he developed pneumonia, pleuritis, and uraemia. He died four weeks after surgery. At necropsy, a large temporal lobe abscess ruptured into the ventricle, basal meningitis, and pulmonary oedema were found.
A more favourable group seems to be the brain abscesses due to trauma of the skull, mostly compound skull fractures. There were five such cases in our series. All these patients were young, between 6 and 35 years of age, healthy, and in a good overall condition before the accident. All were alive several years after surgery.
The organisms responsible for brain abscess and subdural empyema are summarized in Table 3 . As in some of the other tables, the total number of cases is 101, because one patient had An analysis was made of the presumed cause of death in 12 non-surgical and 26 surgical cases of brain abscess and subdural empyema (Table  6 ). Six out of 12 cases were admitted to the University Hospital in too poor a neurological state, or were deteriorating too rapidly (four grade IV patients, one grade III, one grade II) to be operated upon. Among this group, two patients appeared to have multiple abscesses. In the other four cases the severe neurological state could be attributed to a recent lumbar puncture performed elsewhere, which was followed by acute deterioration. In all these cases, a bone flap was removed as an external decompression procedure. As mentioned above, in three cases the abscess was found at necropsy to be located in the occipital lobe, probably because of the poor visualization of space occupying lesions in this area as obtained by carotid angiograms. In another case, a subdural empyema was diagnosed and subsequently drained, but the patient deteriorated progressively. At postmortem examination a temporal abscess was also found.
Eight patients, five in grade IV and three in grade III, whose condition was already irretrievable before surgery, died after operation. Progressive and untreatable cerebral oedema was responsible for the lethal outcome in two cases of subdural empyema. Another patient died some hours after surgery from bronchospasm and acute pulmonary oedema. One case of congenital heart disease died from cardiac failure. In seven cases a complicating meningitis or ventriculitis resulted in death. The abscess may have ruptured spontaneously into the ventricular system in some, but in most cases the ventriculitis undoubtedly was caused by opening a ventricle while excising a paraventricular abscess or passing beyond the abscess cavity into the ventricle during a drainage procedure. Postoperative bleeding after excision of a cerebellar abscess caused one death and another patient died of pneumonia 12 days after drainage of a subdural empyema. In Table 7 we compare the various surgical techniques in relation to mortality in acute and subacute cases. As discussed above, the total number of cases in this table is 101. Ten patients (38) The number of deaths is given in parentheses.
were treated by excision of the abscess cavity after a period of fractional drainage or some time after completion of the same. In the latter, the shrunken abscess wall was excised in view of the presumed epileptogenic hazard of a retained abscess capsule. In the last six years this policy was abandoned without harmful consequences. In some cases, secondary excision was performed when fractional drainage-usually as a result of capsule collapse and subsequent multiloculation -proved to be insufficient to improve the patient's neurological state. On the whole, there appears to be no significant difference in mortality between the various surgical techniques. Looking at the acute and subacute cases separately the mortality rate seems to be slightly higher for fractional drainage in acute cases, although the total number of cases is too small for precise comparison. In subacute cases, the fractional drainage was somewhat more favourable than total excision with regard to mortality.
The surgical mortality of the combined primary and secondary excision, the combined aspiration and drainage, and the drainage of subdural empyema was 25% for all subgroups (Table 8 ). This table also reveals that the remaining neurological deficit in the survivors, after a follow-up period ranging from one to five years, was higher in the excision group, with a tendency towards the more severe form. This may reflect the greater damage to the oedematous and friable brain when performing excision rather than the less traumatizing drainage procedure.
It was also learned, from the case histories, that the incidence of postoperative seizures was quite low. However, most patients were lost to followup after an average period of five years. Only two Table 9 shows the overall mortality, the mortality in patients older than 40 years, and the surgical mortality during three consecutive six year periods. From this table, the disappointing conclusion has to be drawn that the mortality rate in the various groups has scarcely decreased in more recent years and that the improvement in diagnostic and surgical techniques has not found expression in the results of the treatment of brain abscess and subdural empyema. Kiser and Kendig (1963) . In Table 10 , the most important series in Ballantine and White (1953) 34.5 34.5 Kiser and Kendig (1963) 50.0 30.0 Newlands (1965) 27.5 Krayenbuhl (1967) (Dandy, 1963; Garfield, 1969; Carey et al., 1972; Morgan et al., 1973) . Spinal taps are not infrequently done in those patients, who are suspected of having meningitis, which is, in fact, a sequela of unsuspected brain abscess or subdural empyema. When contaminated spinal fluid is found the diagnosis of meningitis seems to be confirmed and spinal taps are repeated for intrathecal administration of antibiotics, resulting in acute deterioration or demise. Therefore, in a patient suspected of having meningitis, but also showing lateralizing symptoms, echoencephalography should be performed first. When a midline shift is found the next step should be brainscanning or carotid angiography rather than lumbar puncture. Once in a while, a severe infectious disease elsewhere in the body can cause a metastatic brain abscess, but, as is seen in two of our cases in which the diagnosis was missed, it may also divert the attention from the neurological symptoms caused by a brain abscess. POSTOPERATIVE Dandy (1963) .
In conclusion, it can be stated from this study that the overall mortality in brain abscess and subdural empyema is determined considerably by missing an abscess at surgery or by ruling out surgery for whatever reason. Most other factors contributing to mortality, as far as brain abscess is concerned, exist before surgery and are unrelated to the type of surgery, be it total excision or fractional drainage. Considering the results in our drainage group both in regard to mortality and morbidity, we disagree with some other authors (Krayenbiihl, 1967; Le Beau et al., 1973) , who have maintained that radical removal of a brain abscess is necessary. 
